Background-The effect of prearrest left ventricular ejection fraction (LVEF) on outcome after cardiac arrest is unknown. Methods and Results-During a 26-month period, Utstein-style data were prospectively collected on 800 consecutive inpatient adult index cardiac arrests in an observational, single-center study at a tertiary cardiac care hospital. Prearrest echocardiograms were performed on 613 patients (77%) at 11Ϯ14 days before the cardiac arrest. Outcomes among patients with normal or nearly normal prearrest LVEF (Ն45%) were compared with those of patients with moderate or severe dysfunction (LVEF Ͻ45%) by 2 and logistic regression analyses. Survival to discharge was 19% in patients with normal or nearly normal LVEF compared with 8% in those with moderate or severe dysfunction (adjusted odds ratio, 4.8; 95% confidence interval, 2.3 to 9.9; PϽ0.001) but did not differ with regard to sustained return of spontaneous circulation (59% versus 56%; Pϭ0.468) or 24-hour survival (39% versus 36%; Pϭ0.550). Postarrest echocardiograms were performed on 84 patients within 72 hours after the index cardiac arrest; the LVEF decreased 25% in those with normal or nearly normal prearrest LVEF (60Ϯ9% to 45Ϯ14%; PϽ0.001) and decreased 26% in those with moderate or severe dysfunction (31Ϯ7% to 23Ϯ6%, PϽ0.001). For all patients, prearrest ␤-blocker treatment was associated with higher survival to discharge (33% versus 8%; adjusted odds ratio, 3.9; 95% confidence interval, 1.8 to 8.2; PϽ0.001). Conclusions-Moderate and severe prearrest left ventricular systolic dysfunction was associated with substantially lower rates of survival to hospital discharge compared with normal or nearly normal function. (Circulation. 2008;117:1864-1872.) 
I n-hospital cardiac arrest is a major public health problem.
In 2005, Ͼ20 000 in-hospital cardiac arrests were reported in the American Heart Association's National Registry of Cardiopulmonary Resuscitation (NRCPR), representing Ϸ10% of the hospitals in the United States. Only 18% of these adults with in-hospital arrests survive to hospital discharge. [1] [2] [3] [4] Although patients surviving to hospital admission after an out-of-hospital cardiac arrest frequently die before hospital discharge because of neurological injury, Ͻ25% of patients with initially successful resuscitation after an inhospital cardiac arrest die as a result of neurological injury. 5
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Post-cardiac arrest myocardial dysfunction occurs commonly after successful resuscitation and is a major contributor to poor outcome. [5] [6] [7] [8] Although pre-event left ventricular ejection fraction (LVEF) is well established as a major prognostic factor in many cardiac conditions, 9 -14 the effect of prearrest LVEF on outcome after cardiac arrest is unknown.
The Heart Institute (InCor) is a large cardiac hospital in Sao Paulo, Brazil. Echocardiographic left ventricular function is commonly evaluated on admission, allowing a unique longitudinal evaluation of the effect of baseline prearrest left ventricular function on the outcome after in-hospital cardiac arrest. We hypothesized that patients with poor prearrest LVEF would be less likely to attain return of spontaneous circulation (ROSC) and survive to hospital discharge.
Methods
The InCor is a 420 -adult bed tertiary cardiac care hospital. Most of the admitted patients are severely ill with long-standing medical or surgical heart diseases. The Institutional Committee on Human Research approved this observational study with waiver of informed consent.
A member of the research team responded to all cardiac arrests and entered data on a Portuguese translation of the NRCPR data collection form during and immediately after the resuscitation. This data form contains precisely defined variables derived from the Utstein-style guidelines. 1, 15 Specifically included are patient demographic, prearrest, arrest, process of care, and outcome data. The data were entered by a member of the research team during and immediately after the resuscitation, and then the patient data were tracked prospectively. Prearrest echocardiographic data and prearrest medication usage were attained by chart review.
Patients
From April 2004 to June 2006, all adult patients (Ն18 years of age) with in-hospital cardiac arrests were evaluated and followed up prospectively until hospital discharge or in-hospital death. Cardiac arrest was defined as cessation of cardiac mechanical activity determined by the absence of palpable central pulse, unresponsiveness, and apnea. Patients whose resuscitation was initiated out of hospital were excluded. Among patients with Ͼ1 cardiac arrest, only the first arrest was analyzed.
The study included only patients with a documented prearrest echocardiogram performed during the in-hospital admission or within 3 months before cardiac arrest. Patients with preadmission echocardiograms were excluded if they became clinically unstable between the echocardiogram and hospital admission. Patients with myocardial infarction with or without ST elevation were excluded if their event occurred after the last echocardiogram and before the arrest.
Left Ventricular Ejection Fractions
Echocardiography was performed with commercial ultrasound scanners (Envisor-HD, SONOS 5500, or HDI 5000, Philips Medical Systems, Bothell, Washington). Linear measurements of cardiac chambers were obtained according to the recommendations of the American Society of Echocardiography. 16 LVEF was calculated with the Teichholz formula or biplane method of disks (modified Simpson's rule) for patients with wall motion abnormalities. 16 According to American Society of Echocardiography guidelines, LVEF was classified as normal (Ն55%), nearly normal (ie, mildly abnormal; Ͻ55% and Ն45%), moderately abnormal (Ͻ45% and Ն30%), or severely abnormal (Ͻ30%). We decided a priori to divide the patients into 2 prearrest groups: normal or nearly normal function (LVEF Ն45%) and moderate or severe dysfunction (LVEF Ͻ45%). If the endocardial border was not clearly delineated, qualitative left ventricular systolic function was estimated as normal or nearly normal function or moderate or severe dysfunction.
Outcome Measures
The prospectively selected primary outcome was survival to hospital discharge. Secondary outcome measures included ROSC Ͼ20 minutes, 24-hour survival, and survival to hospital discharge with favorable neurological outcome.
Neurological outcome was determined using cerebral performance category (CPC) scales; CPC 1 is normal, 2 is mild to moderate disability, 3 is severe disability, 4 is coma/vegetative state, and 5 is cerebral death. 1, 15, 17, 18 The neurological status before arrest and at discharge was determined by chart review. Favorable neurological outcome was defined as survival to hospital discharge with CPC 1 or 2. Septicemia during the cardiac arrest was defined as documented bloodstream infection and was grouped with other documented infections (eg, mediastinitis or urinary tract infections). Pneumonia without septicemia was a separate variable ( Table 1) .
Cause of postresuscitation death was determined (by M.M.G.) as described by Laver et al. 5 Briefly, postresuscitation refractory shock as cause of death referred to blood pressure Ͻ90 mm Hg despite vasoactive medications. Neurological cause referred to Glasgow Coma Scale Ͻ5 in the absence of sedation, radiological evidence of hypoxic injury by computerized axial tomography or magnetic resonance, status epilepticus, or absence of brainstem function. Multiple organ failure referred to postresuscitation refractory shock or neurological cause of death plus previously described criteria for multiple organ failure. 5
Statistical Analysis
Continuous data are expressed as meanϮSD. We report 2-sided 95% CIs and probability values. Continuous variables were compared by the use of paired or unpaired t tests. Continuous values with nongaussian distributions were compared by the Wilcoxon rank-sum or Mann-Whitney U test. Categorical variables were analyzed by 2 analysis or Fisher's exact test. Comparisons of groups were further assessed by multivariable logistic regression analyses. Patient and event variables associated with the relevant outcomes by univariate analysis (PϽ0.10) were included in the multivariable logistic regression analyses. Adjusted odds ratios (ORs) and 95% CIs were determined for variables that were associated with each outcome. In patients with quantitative LVEFs, a receiver-operating characteristic curve was performed to test the best cutoff for prediction of in-hospital survival and to address the validity of the separation between the 2 groups (normal or nearly normal function versus moderate or severe dysfunction). SPSS software (version 11.0, SPSS Inc, Chicago, Ill) was used for statistical analysis. A sample size was not planned.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Among 800 consecutive adults with in-hospital cardiac arrests, prearrest LVEF was documented by recent prearrest echocardiogram in 613 patients (77%; Figure) . The echocardiograms were performed 11Ϯ14 days before the cardiac arrest. Of the 613 prearrest echocardiograms, 492 (80%) were performed during hospital admission and 121 (20%) within 3 months before the admission. Furthermore, 582 (95%) provided quantitative LVEFs, and 31 (5%) were limited to qualitative LVEFs. Prearrest LVEF was normal in 186 patients (30%), nearly normal in 49 (8%), moderately abnormal in 141 (23%), and severely abnormal in 237 (39%). Therefore, prearrest LVEF was categorized as normal or nearly normal for 235 patients (38%) and moderate or severe dysfunction in 378 (62%; Figure) .
The area under the receiver-operating characteristic curve of LVEF in relation to the primary outcome was 0.61 (95% CI, 0.54 to 0.68; Pϭ0.003). The best cutoff point associated with survival to discharge was LVEF Ն45.5%.
Patient, prearrest, and arrest characteristics are described in Tables 1 and 2 . Patients with moderate or severe prearrest left ventricular dysfunction were more likely to be male and to have medical or cardiac illnesses, including diabetes mellitus, chronic coronary artery disease, acute coronary syndrome, previous coronary intervention, dilated cardiomyopathy, and Chagas' disease. In contrast, arrest characteristics and process of care were similar in the 2 groups. The most common cause of the arrest was hypotension in nearly one third of both groups. Furthermore, the first documented arrest rhythm was ventricular fibrillation or ventricular tachycardia in about one fourth of the arrests in both groups.
Of patients with normal or nearly normal LVEF (Ն45%), 19% survived to hospital discharge compared with 8% of patients with moderately or severely abnormal LVEF (adjusted OR, 4.8; 95% CI, 2.3 to 9.9; PϽ0.001; Table 3 ). However, the 2 groups did not differ in regard to ROSC Ͼ20 minutes (59% versus 56%; Pϭ0.468) or 24-hour survival (39% versus 36%; Pϭ0.550). When all 4 LVEF subgroups were considered separately, survival to hospital discharge occurred in 32 of 186 patients (17%) with normal function, 12 of 49 (24%) with nearly normal function, 13 of 141 (9%) with with CPC 2). Hence, prearrest left ventricular function did not affect the CPC of survivors. Only 3 patients in each group were discharged with poor neurological outcome (CPC 3), and none were in a coma/vegetative state.
The mean prearrest LVEFs in relevant groups of patients are shown in Table 4 for the 582 patients with documented prearrest quantitative echocardiograms. Among all 84 patients who had quantitative postarrest echocardiograms within 72 hours, LVEF decreased 26% (43Ϯ17% before arrest to 32Ϯ15% after arrest; PϽ0.001). These postarrest echocardiograms were performed on 35 of 66 patients (53%) with normal or nearly normal prearrest function who survived 72 hours after arrest and 49 of 81 patients (61%) with moderate or severe prearrest dysfunction who survived 72 hours after arrest. The LVEF decreased by 25% in the 35 patients with normal or nearly normal prearrest function (60Ϯ9% before arrest to 45Ϯ14% after arrest; PϽ0.001) and decreased by 26% in the 49 patients with moderate or severe prearrest ventricular dysfunction (31Ϯ7% to 23Ϯ6%; PϽ0.001).
In addition to prearrest LVEF, other factors associated with higher rates of survival to discharge included use of ␤-blockers within 24 hours before arrest, initial rhythm of ventricular fibrillation or ventricular tachycardia, and age Ͻ65 years (Table 3 ). Factors associated with lower survival to discharge rates included preexisting renal failure, septicemia/other infections, administration of Ͼ3 doses of epinephrine during the arrest, atropine during the arrest, and need for mechanical ventilation before arrest. Of these 9 factors associated with survival to discharge, only administration of Ͼ3 doses of epinephrine and atropine and prearrest need for mechanical ventilation also were associated with rates of ROSC Ͼ20 minutes and 24-hour survival ( Table 3 and the online Data Supplement).
Prearrest LVEF did not differ between patients who did and did not receive ␤-blockers within 24-hours before arrest (41Ϯ18% and 41Ϯ19%, respectively; Pϭ0.960; Table 4 ). For the 84 survivors who had postarrest echocardiograms, LVEF changed from 38Ϯ15% before arrest to 29Ϯ13% after arrest (PϽ0.001) among those with ␤-blocker use (nϭ22) and from 45Ϯ17% to 33Ϯ16% (PϽ0.001) among those without ␤-blocker use (nϭ62). The relative decrease in LVEF in these 2 groups did not differ (24% versus 27%; Pϭ0.359).
The cause of in-hospital deaths among the 274 of 350 study patients with initial ROSC Ͼ20 minutes and subsequent hospital death was postresuscitation refractory shock in 93 of 274 (34%), neurological failure in 7 of 274 (3%), multiple organ failure with neurological failure in 31 of 274 (11%), multiple organ failure without neurological failure in 138 of 274 (50%), and other causes in 5 of 274 (2%; Table 5 ). Only 14% of these patients died of neurological failure with or without multiple organ failure. The group with moderate or severe dysfunction before arrest was more likely to die of postresuscitation refractory shock (39% versus 25%; Pϭ0.038) than the group with normal or nearly normal prearrest LVEF.
Discussion
These data demonstrate that patients with a prearrest LVEF Ͻ45% (ie, moderate or severe dysfunction) were substantially less likely to survive to hospital discharge than patients with prearrest LVEF Ն45%. Surprisingly, the 2 groups had similar rates of initially successful resuscitation (ie, ROSC Ͼ20 minutes and 24-hour survival). Among patients who had postarrest echocardiograms within 72 hours, LVEF decreased 25% (60Ϯ9% before arrest to 45Ϯ14% after arrest) in those with normal or nearly normal prearrest LVEF and a similar 26% (31Ϯ7% to 23Ϯ6%) in those with moderate or severe prearrest dysfunction. The resultant severe postarrest ventricular dysfunction in the latter group presumably contributed to the lower rate of survival to discharge in that group. Importantly, 84% of the hospital deaths after initially successful resuscitations were due to postresuscitation refractory shock with or without multiple organ failure.
Poor pre-event left ventricular systolic function is associated with worse outcomes from other heart diseases. 9 VF/VT indicates ventricular fibrillation/ tachycardia as the first pulseless rhythm; PEA, pulseless electrical activity as the initial arrest rhythm; CPR cardiopulmonary resuscitation; ICD, implantable cardioverter-defibrillator; and ECMO, extracorporeal membrane oxygenation.
Therefore, we hypothesized that poor prearrest LVEF would preclude successful resuscitation in many patients and would worsen postarrest left ventricular dysfunction in others, thereby resulting in lower ROSC rates and lower 24-hour survival rates. Nevertheless, the 2 groups did not differ in regard to ROSC Ͼ20 minutes (59% versus 56%; Pϭ0.468) or 24-hour survival (39% versus 36%; Pϭ0.550). Apparently, the poor postresuscitation myocardial performance in the group with worse prearrest and worse postarrest ventricular function often is adequate to initially maintain spontaneous circulation and short-term survival but generally inadequate to maintain myocardial and systemic blood flow sufficient to attain long-term survival. Importantly, 19% of patients with normal or nearly normal LVEF survived to hospital discharge compared with 8% of patients with moderately or severely abnormal systolic function (adjusted OR, 4.8; 95% CI, 2.3 to 9.9; PϽ0.001). Moreover, nearly all of the survivors in both groups had favorable neurological outcomes, and most of the patients in both groups were described as apparently neurologically normal. In contrast to out-of-hospital cardiac arrests, neurological injury was a relatively uncommon cause of death after these in-hospital cardiac arrests. Most patients with initially successful resuscitations from cardiac arrests do not survive to hospital discharge. For example, among 36 902 in-hospital adult index cardiac arrests from the NRCPR, 47% attained ROSC, 30% were alive at 24 hours, and 18% survived to hospital discharge. 1 Experimental and clinical data have established that postarrest left ventricular dysfunction is common and is a major contributor to postresuscitation mortality. [5] [6] [7] [8] 19, 20 It therefore should not be surprising that moderate and severe prearrest left ventricular dysfunction can lead to worse postarrest LVEF and ultimately worse survival rates. In the present study, among 350 survivors with initial ROSC Ͼ20 minutes, 147 patients were alive 72 hours after resuscitation, and postarrest quantitative echocardiograms were performed in 84 of them (57%). Although postarrest LVEF decreased in both prearrest LVEF groups, the group with moderate or severe prearrest left ventricular dysfunction had substantially lower postarrest LVEF (23Ϯ6% versus 45Ϯ14%; PϽ0.001). Not surprisingly, patients with these very low LVEFs more commonly died because of postresuscitation refractory shock.
Patients who received ␤-blockers within 24 hours before arrest were substantially more likely to survive to hospital discharge compared with patients who did not receive ␤-blockers (33% versus 8%; adjusted OR, 3.9; 95% CI, 1.8 to 8.2; PϽ0.001). Experimental investigations have established that ␤-blockade can improve myocardial bioenergetics during and after cardiopulmonary resuscitation 21 and that postresuscitation myocardial dysfunction is a myocardial stunning phenomenon. 6, 22 Perhaps decreasing myocardial (and systemic) metabolic needs during and after cardiopulmonary resuscitation can improve myocardial (and systemic) bioenergetics in this setting of postresuscitation myocardial stunning.
A hyperadrenergic state characterized by hypertension, tachycardia, and ventricular ectopy can occur within minutes of successful resuscitation, especially when high doses of epinephrine are administered during the resuscitative efforts. [23] [24] [25] [26] [27] This postresuscitation tachycardia and increased afterload can adversely affect hemodynamic status and myocardial bioenergetics. Furthermore, clinical studies have shown that neurological outcomes are worse among survivors who received more epinephrine during their resuscitation. 28 In our cohort, administration of Ͼ3 doses of epinephrine was strongly associated with poor outcome. Although administration of more epinephrine may have simply been a marker of a prolonged or failed resuscitation, these findings raise the possibility that the ␤-adrenergic effects were harmful. Pretreatment with ␤-blockers may attenuate this potentially dangerous hyperadrenergic state. These findings also suggest that ␤-blockade may deserve consideration as a therapeutic intervention during advanced life support for cardiac arrests in humans.
The present has several potential limitations, including potential sampling biases, data integrity, and the choice of dichotomous LVEF grouping. Approaches to minimize sampling biases included strict inclusion and exclusion criteria, a large sample size, and comprehensive and redundant methods to ascertain all cases. We cannot exclude sampling biases in regard to which patients had echocardiograms within 72 hours after arrest because only 24% with ROSC Ͼ20 minutes had postarrest echocardiograms (based on the practitioner's discretion). Nevertheless, postarrest LVEFs were attained from a similar proportion of 72-hour survivors from each group (53% and 60%), and the percentage decrease in LVEF from before to after arrest was similar in both groups (25% and 26%). Attempts to optimize data integrity included uniform data collection, consistent Utstein-style definitions, and a small, well-trained research staff blinded to the prearrest LVEF during the initial documentation of the arrest data. The dichotomous grouping of normal and nearly normal LVEF or moderate and severe dysfunction was chosen a priori and supported by receiver-operating characteristic curve analysis. An important limitation is the difficulty in delineating whether the association between prearrest LVEF and outcome is causal or the result of other confounding variables. Although multivariable logistic regression analysis accounted for these potentially confounding factors, observational studies cannot fully address causality. Nevertheless, most of the nonsurvivors after attainment of a spontaneous circulation died as a result of refractory shock with or without multiple organ failure. Presumably, poor prearrest LVEF contributed to the worse postarrest LVEF and the higher rate of death from refractory shock.
Conclusions
These results confirm our hypothesis that patients with poor prearrest left ventricular systolic function are less likely to survive to hospital discharge than patients with normal or nearly normal prearrest function. The severe postarrest myocardial dysfunction in the patients with worse prearrest dysfunction was associated with and may have contributed to the worse outcomes.
